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PACKAGED ELECTRONIC COMPONENT FOR APPLICATIONS AT 
MILLIMETRIC FREQUENCIES 

CROSS - REFERENCE TO RELATED APPUCATIONS 

The present Application is based on International Application No. 
I PCT/EP2003/050846, filed on November 18, 2003, which in turn corresponds to 

FR 02/14684 filed on November 22, 2002, and priority is hereby claimed under 35 
USC §119 based on these applications. Each of these applications are hereby 
incorporated by reference in their entirety into the present application. 

FIELD OF THE INVENTION 

The invention relates to electronic circuits working at very high frequencies, 
greater than 45 GHz, also called "millimetric frequencies". 

I 
1 

BACKGROUND OF THE INVENTION 

These electronic circuits are used for radar type applications in which an 
electromagnetic wave is sent at a millimetric frequency and a wave reflected by an 
obstacle is received by an antenna, to extract from this wave, on the one hand, 
distance information and, on the other hand, relative speed information, between 
this obstacle and the source that sent the wave. 

The millimetric frequency circuits can also be used for short distance and very high 
bit rate communication applications. 

Whatever the application, the electronic processing of the millimetric frequency 
signals comprises a low frequency processing part that can be implemented by 
silicon integrated circuits mounted on printed circuits. This part can be produced 
by very commonly used and inexpensive technologies, with connections that are 
simple to produce between circuit elements on one and the same integrated circuit 
chip or between different integrated circuit chips. The processing also comprises a 
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very high frequency part (greater than 45 GHz), that can be implemented only by 
components and integrated circuits made of semiconductor materials other than 
silicon (gallium arsenide GaAs and its derivatives in particular, or even SiGe). 
These integrated circuits are called "microwave monolithic integrated circuits" or 
MMIC. This high-frequency part raises problems of production that are difficult 
and usually prove very expensive. 

In practice, for relatively complex functions, it is necessary to use a large number 
of MMIC integrated circuit chips, since the quantity of circuit elements that can be 
placed in one and the same chip is far more limited for the MMIC circuits than for 
the low frequency circuits made of silicon. Also, these chips are mounted on a 
substrate with interconnections that are difficult to produce given the very high 
working frequencies. The design of the interconnections is difficult, and the 
production cost is high because of the precision required in maintaining light 
tolerances to ensure the transmission of the millimetric frequency signals. This 
becomes all the more true as the number of MMIC chips increases in the system. 
Also, the increase in complexity of the functions that are to be produced brings 
with it an increase in the number of chips. 

Mounting the chips on a hybrid substrate (normally mounting with wiring to link 
the chips to the hybrid substrate) is itself very expensive when the number of chips 
is high, 

SUMMARY OF THE INVENTION 

The object of the present invention is to reduce the cost of the electronic systems 
operating at millimetric frequencies greater than 45 GHz (and preferably greater 
than 60 GHz) and including MMIC chips. 

To achieve this cost reduction, the invention proposes to use a new type of 
component to produce the system. This electronic component is a component 
mounted in an individual package and intended to be connected to other 
components of an electronic system, for example on a printed circuit board with a 
number of components; this component comprises at least one integrated circuit 
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chip MMIC working around a main raillimetric frequency F greater than 45 GHz. 
The package has at least two ports for communicating electrical signals between 
the interior and the exterior of the package, the first port being a port with 
transition by electromagnetic coupling (i.e. without physical electrical contact) for 
the transmission of the main working frequency greater than 45 GHz, and the 
second port being a port with microstrip or coaxial type transition for the 
transmission of a working frequency F/N that is a subharmonic of the main 
frequency F. 

The subharmonic frequency is preferably one of the following four frequencies: 
F/6 or F/4 or F/3 (or, in extreme cases, it could be F/2). 

For a working frequency at 77 GHz, the subharmonic frequency is therefore 1/6 or 
1/4 or 1/3 of 77 GHz, 

The package is preferably provided with a conductive cover positioned at a 
distance from the first port such that create, near mis port, an electromagnetic short 
circuit at the main working frequency, this short circuit forming a wave reflector 
facilitating the contactless transmission of this frequency through the first port. 

The height of the conductive cover above the first port is preferably equal to a 
quarter of the wavelength of the main working frequency, to provide mis short 
circuit and reflector role. This height can also be an odd multiple of a quarter of the 
wavelength. 

One or more of MMIC chips present in the package will preferably comprise 
means of multiplying in a ratio N to change from the subharmonic frequency to the 
main working frequency. It could also, in certain cases, include means of dividing 
frequencies in the ratio N. 

The component therefore has the specific feature that it includes a port with no 
physical contact, dedicated to the passage of signals at the main frequency, and a 
port with contact dedicated to the passage of signals at the subharmonic frequency. 
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Still other objects and advantages of the present invention will become 
readily apparent to those skilled in the art from the following detailed description, 
wherein the preferred embodiments of the invention are shown and described, 
simply by way of illustration of the best mode contemplated of carrying out the 
invention. As will be realized, the invention is capable of other and different 
embodiments, and its several details are capable of modifications in various 
obvious respects, all without departing from the invention. Accordingly, the 
drawings and description thereof are to be regarded as illustrative in nature, and 
not as restrictive. 



BRIEF DESCRIPTION OF THE DRAWINGS 

Other features and advantages of the invention will become apparent from reading 
the detailed description that follows and which is given with reference to the 
appended drawings in which: 

Figure 1 represents a millimetric package component according to the 
invention; 

Figure 2 represents a component according to the invention associated with 
a radar antenna, 

DETAILED DESCRIPTION OF THE INVENTION 

A typical application in which the component according to the invention cari be 
used is a radar application, in which, on the one hand, a millimetric frequency 
greater than 45 GHz, in this example, a frequency of 77 GHz, is to be sent by a 
first antenna and, on the other hand, the electromagnetic wave reflected by an 
obstacle is to be received by several different antennas. It therefore concerns a 
multiple-beam radar. The presence of several receive antennas makes it possible to 
observe the presence of obstacles in a wider angular field and also to locate the 
detected obstacle with greater accuracy. 

According to the invention, it is proposed to place the MMIC chips individually in 
sealed packages, called millimetric packages, capable of working at frequencies 
greater than 45 GHz, and having external ports to allow for a link by contactless 
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electromagnetic coupling at the working frequency, in this case 77 GHz, with 
transmit or receive antennas or with waveguides leading to these antennas. 

The transmission hy electromagnetic coupling at these very high frequencies is 
provided by the use of the free propagation properties of the electromagnetic 
signals inside the package and, above all, between the inside and the outside. This 
package comprises in particular a conductive cover (metallic or metallized cover) 
which encloses the propagation lines of the signals from the chip or to the chip. 
The conductive cover is located above the contactless external port, at a distance 
such that it forms (at the main working frequency for which the component is 
designed) an electromagnetic short circuit facilitating signal transmission in free 
propagation mode via this port. 

The ports at the working frequency F of more than 45 GHz are transitions by 
electromagnetic coupling in air (or in a gas or in a vacuum) and in particular 
conductive elements capable of radiating towards a waveguide placed in line with 
these elements, or capable of receiving an electromagnetic radiation at the output 
of a waveguide that they are placed in front of. The package enclosing the MMTC 
chips includes a non-conductive part in line with these conductive elements so as 
to allow the electromagnetic energy to pass between the waveguide and the 
conductive elements. 



The package preferably has, in addition to one or more external contactless ports 
capable of effective coupling at greater than 45 GHz, ports not capable of working 
effectively at a frequency greater than 45 GHz but designed to work at a 
subharraonic frequency of the working frequency. Also, the chips contained in 
these components then preferably include the necessary frequency multiplication 
means to change from the subharmonic frequency to the main frequency. 

The ports not capable of working at 77 GHz but capable of working above 
10 GHz, even up to 25 GHz or a Httle above, are produced using microstrip lines or 
coaxial lines. The connection of the component with other components placed on 
the same substrate will be made easily because the frequencies carried are far 
lower than the millimetric working frequency. 
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Figure 1 is a cross-sectional representation of a component according to the 
invention. This example shows only one MMIC chip in the package of the 
component, but there can be two, ot even, in exceptional cases, three. 

The package is conductive, for example metallic or partially metallic; it preferably 
includes a metallic base 20, serving as a substrate on which is directly mounted the 
rear face of the MMIC chip 22, a double-sided ceramic substrate 24 providing the 
interconnections inside the package and towards the outside of the package, and a 
metallic or metallized cover 25 covering the base, to enclose, between the base and 
the cover, the chip or chips and the ceramic substrate. Since the MMIC chip 22 is 
welded directly onto the base, the ceramic substrate 24 includes an opening in 
which the chip is inserted. The ceramic substrate 24 is preferably a substrate 
metallized on both sides: metallization 26 on the front side forms the transmission 
lines, and metallization 28 on the rear side forms a ground plane. The dimensions 
of the various dielectric and conductive parts are such that the component operates 
correctly at the working frequency concerned (77 GHz). The metallizations 26 and 
28 are used, to create the interconnections between chips and, to create the external 
ports of the package, both the ports capable of working at 77 GHz and the ports 
designed to transmit a frequency that is a subhaimonic at 77 GHz. 

In the example of Figure 1, the port 30 capable of transmitting the 77 GHz 
frequency comprises a transition by contactless electromagnetic coupling enabling 
the signal at the frequency of 77 GHz to pass without contact from a waveguide to 
the chip or vice versa. 

This transition by electromagnetic coupling is preferably via an opening 32 in the 
package, and more specifically in the metallic base 20. This opening 32 
communicates with a waveguide not shown in Figure 1 . This opening is physically, 
but not electromagnetically, closed by the ceramic substrate 24. It is in line with a 
demetallized area 34 provided in the metallization 28 of the rear side of the 
ceramic substrate. On the front metallization 26, forming a microstrip line from the 
MMIC chip 22 to the port 30, the end 36 of the microstrip line terminates exactly 
in line with the center of the opening 32 of the base 20. This end 36, together with 
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the demetallized area 34 which is surrounded by the metallization 28 forming a 
ground plane, forms a radiating element, therefore an antenna, communicating, for 
example, with a waveguide placed in front of the opening 32, directly coupling the 
waveguide with the microstrip line by electromagnetic means. Above the end 36 of 
the microstrip line, the conductive surface of the cover is located at a distance 
suited to the wavelength of the main working frequency of the signals transmitted 
by this line, this distance being such that the cover forms an electromagnetic short 
circuit and therefore a reflector for the antenna radiated by the end 36 of the 
microstrip line. For example, the height H of the cover above the metallization of 
the ceramic substrate 24, is equal to a quarter of the wavelength corresponding to 
this frequency or very close to this value. It can also be an odd multiple of a 
quarter of the wavelength. 

At the other end of the microstrip line, a wired link 38 is provided between the chip 
and the line. The resulting coupling, operates at 77 GHz provided that the 
dimensions of the metallized and non-metallized areas, the thickness of the 
ceramic substrate and the width of the opening in the ceramic substrate are chosen 
correctly, suited to the wavelength corresponding to the main frequency of 
77 GHz. 

In the main application envisaged, the waveguide is connected to an antenna 
receiving (or transmitting) the reflected radar wave, and the end 36 of the 
microstrip line acts as an element for receiving an electromagnetic wave entering 
into the package. 

The other port shown m Figure 1 is a direct port 40 by microstrip line, not allowing 
a communication at 77 GHz but allowing a communication at a subharmonic 
frequency which is preferably F/6 but which can also be F/4 or F/3, or even F/2 in 
certain cases. The microstrip line corresponding to this port is formed in the top 
metallization 26 of the metallized ceramic substrate 24. The bottom metallization 
28 serves as a ground plane. The line passes from the inside to the outside of the 
package via a local interruption of the conductive cover 25, by insulating the 
microstrip line from the cover, for example by an insulating washer 42 interposed 
between the line and the edge of the cover, or via a notch in the cover. 
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On the side of this subharmonic frequency port 40, the MMTC chip is also linked to 
the microstrip line by a wired link 44. 

The component can be connected externally by the port 40 with another similar 
component mounted on the same hybrid substrate, or with a different component 
mounted on the same hybrid substrate or mounted on a conventional printed 
circuit, This connection can be made directly from the top metallization surface 26 
which extends outside the package; for example, a wire can be soldered to this top 
surface; or it can even be via a lead 46 soldered to this external part of the 
metallization 26 and then forming an integral part of the component 

It will therefore be understood that in an electronic system using this component, a 
common substrate will have mounted on it not individual chips but components of 
the type that has just been described, so significantly simplifying the design and 
fabrication of the system. 

Figure 2 represents the use of the component of Figure 1 in a radar electronic 
system. In it can be recognized the assembly (base 20, chip 22, cover 25) of the 
component of Figure L The base 20 is mounted directly in contact with a metallic 
plate 50 which is a waveguide plate: in this plate, a waveguide 52 is formed, the 
output end of which is just in line with the opening 32 of the base 20, therefore in 
line with the conductive end 36 which provides an electromagnetic coupling 
between the waveguide and the package. 

The other end of the waveguide, the input end in this application, is in line with the 
transmission center of a parabolic radar receive antenna 62 machined in a metallic 
plate 60 placed against the waveguide plate 50. The waveguide plate 50 can 
include a number of waveguides, for example a second guide 54 leading to a 
second antenna 64 machined in the same antenna plate 60; this guide directs the 
electromagnetic wave received from the second antenna to a second millimetric 
packaged component, not shown, similar to the component of Figure 1 and 
mounted like the latter on the plate 50 forming a substrate common to a number of 
components according to the invention. 
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In the embodiments of Figures 1 and 2, it was assumed that the ceramic substrate 
24 was fixed on a metallic base. It is possible to envisage no metallic base, the 
package being formed by the ceramic substrate, metallized on both sides, and the 
metallic cover. In this case, the port 30 with transition by electromagnetic coupling 
is produced iri exactly the same way; the demetallized area 34 provided in the rear 
metallization 28 takes the place of the opening 32 which does not exist since the 
base does not exist. The waveguide is exactly in line with this demetallization. 

In a different embodiment, it is possible to provide for the microstrip line, a free 
end of which is used as a contactless electromagnetic transition, to be carried by an 
MMIC chip (the same as or other than the chip 22) instead of being carried by a 
ceramic substrate as is the case in Figures 1 and 2. In this case, the MMIC chip 
thus used as an electromagnetic transition is fixed on a metallic base of the 
package, a part of the chip extending in line with an opening provided in the base, 
opening which is itself in line with a waveguide. The free end of the microstrip line 
carried by the MMIC chip is then in line with the opening in the base to form a 
contactless electromagnetic transition through this opening. 

The description above proposes a transition by electromagnetic coupling which 
uses the cover of the package as a reflector to produce the transition. However, it is 
possible also to envisage other types of transition by coupling, for example non- 
reflector transitions, using the geometry of the different elements of the package to 
facilitate the electromagnetic coupling. For example, a transition that uses an 
electromagnetic coupling between a microstrip line on the top side of the substrate 
24 (or of the chip 22) and a slot line (demetallization 34 in the form of a slot) on 
the bottom side. A reflector is not then necessary and this embodiment would be 
suited in particular to cases in which the cover of the package was of plastic 
material. 

Components according to the invention can be used to produce complete electronic 
systems on inexpensive printed circuit substrates (resin-based substrates) 
combining low-frequency components (integrated circuit chips or other 
components operating at low frequency), and components operating up to 
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approximately 25 GHz. These components are linked to millimetric packaged 
components according to the invention hy microstrip connections, and the 
millimetric packaged components are connected to antennas by transitions with 
contactless electromagnetic coupling and by waveguides. 

It will be readily seen by one of ordinary skill in the art that the present invention 
fulfills all of the objects set forth above. After reading the foregoing specification, 
one of ordinary skill will be able to affect various changes, substitutions of 
equivalents and various other aspects of the invention as broadly disclosed herein. 
It is therefore intended that the protection granted hereon be limited only by the 
definition contained in the appended claims and equivalents thereof. 
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